ABSTRACT. This paper presents radiocarbon results from a single Goniastrea favulus coral from Papua New Guinea which lived continuously between 13.0 and 13.1 kyr BP. The specimen was collected from a drill core on the Huon Peninsula and has been independently dated with 230 Th. A site-specific reservoir correction has been applied to the results, and coral growth bands were used to calibrate individual growth years. Alternating density bands, which are the result of seasonal growth variations, were subsampled to provide 2 integrated 6-month 14 C measurements per year. This allows for 20 independent measurements to be averaged for each decadal value of the 14 C calibration, making these results the highest resolution data set available for this brief time range. The finestructure of the data set exhibits 14 C oscillations with frequencies on the order of 4 to 10 yr, similar to those observed in modern coral 14 C records.
INTRODUCTION
Radiocarbon dates may be calibrated using a variety of natural archives. The IntCal98 calibration combines tree rings, corals, and marine varved sediments (Stuiver et al. 1998) , and the same combination is applied in the present IntCal04 calibration (Reimer et al., this issue) . Tree rings provide the most robust results, with potentially annual temporal resolution, but they are limited to trees which can be wiggle-matched to known years. Corals, dated with U/Th, were first utilized by Bard et al. (1990 Bard et al. ( , 1993 Bard et al. ( , 1996 to extend the tree-ring limit of the 14 C calibration. One potential advantage of corals is that the skeletons of some species preserve subannual chemical variations related to seawater chemistry, and have relatively thick and continuous growth bands. Certain of these species can also live for hundreds of years. These features of coral archives have been widely exploited over the past 2 decades to produce a wealth of climate data from oxygen isotopic and trace element analyses (Druffel 1997; Gagan et al. 2000) . However, there has only been 1 example of a single long-lived coral applied to the 14 C calibration. This is the Diploastrea heliopora analyzed as part of the IntCal98 effort. The Diploastrea was collected from Vanuatu and preserved a 14 C record spanning more than 400 yr during the Younger Dryas . Two reasons why more corals of this type are not available are the rare geologic conditions required for their preservation and the logistical difficulties which must be overcome to collect them. The Diploastrea sample grew in a tectonically active region off the coast of Espiritu Santo Island in Vanuatu. This site is located along a plate boundary that has experienced rapid and variable uplift since the time the coral lived there (Taylor et al. 1987; Cabioch et al. 2003) . The amount and direction of tectonic uplift in Vanuatu matched the concurrent rapid sea-level rise during this period, leaving the coral in a position where it could be retrieved by drilling. As there is no existing technology which can locate large buried coral heads, it was also fortuitous that the position of the drill rig during the Vanuatu field campaign happened to be located over this particular coral. Such fortunate circumstances have not often been repeated at other sites and such samples remain rare.
We report here on another such coral, which lived for about a century between 13.0 and 13.1 kyr BP. This coral is a Goniastrea favulus and was collected during a drilling campaign in 1996. The drilling took place on an uplifted Holocene terrace located on the Huon Peninsula in Papua New Guinea (Figure 1 ). The drill was positioned a few meters from the present shoreline, near Kwambu Village, and the sample was encountered at about 40 m depth. The tectonic setting of the Huon Peninsula is similar to Vanuatu, experiencing continual and rapid uplift throughout the Holocene (Chappell and Polach 1991) , and the reef was able to keep up with the approximately 100 m of sea-level rise which occurred during the last 13 kyr (Cutler et al. 2003) .
METHODS
A 1.5-inch-diameter core was drilled perpendicular to the vertical growth axis of the Goniastrea favulus. This was cut in half lengthwise with a diamond saw and then cut again to into a 5-mm slab. The slab was X-rayed to identify individual growth bands (Figure 2 ). The X-ray image reveals subannual high-and low-density bands. Each pair of high-and low-density bands accounts for 1 yr of growth. An advantage of using this species of coral is that it produces very well-defined density bands as is evident in Figure 2 . Two samples were taken for each year of growth-a low-density subsample and a high-density subsample. The sampling was carefully conducted so as to collect the entire light or dark band as viewed in the X-ray image. This was done to obtain an integral 14 C measurement for the approximately 6-month growth period and thus average higher frequency 14 C variations, which are known to occur in corals (Brown et al. 1993; Moore et al. 1997; .
Each sample was dissolved in acid to produce CO 2 , and the gas was subsequently reduced to graphite for accelerator mass spectrometry (AMS) analysis. All of the samples were subjected to the selective dissolution technique described by Burr et al. (1992) . A piece of the core was analyzed using X-ray powder diffraction to ensure that it was free of secondary calcite. Multiple measurements of corals in excess of 100 kyr were used to determine the blank and blank uncertainty. A discussion of the background calculation is given in Donahue et al. (1990) . 
RESULTS AND DISCUSSION
All of the results presented here are given as fraction modern carbon (F) values, reservoir-corrected fraction modern carbon (F RC ) values, and reservoir-corrected 14 C ages and 14 C values. F is defined by the equation
where ( 14 C/ 13 C) S is the sample ratio normalized to δ 13 C = -25‰ and ( 14 C/ 13 C) STD is the calculated standard ratio at 1950, determined from measurements of NBS oxalic acid standards, also normalized to δ 13 C = -25‰ (Donahue et al. 1990) . Uncorrected F values must be reservoir-corrected with a sitespecific reservoir-correction factor to calculate 14 C ages that reflect the atmospheric 14 C content (equivalent to tree-ring dates). The reservoir-corrected fraction modern carbon F RC is defined here as
where RC is the site-specific reservoir correction in years and τ is the Libby mean life (8033 yr). For the Huon Peninsula, RC is equal to 407 ± 52 yr (2 σ) (Edwards et al. 1993 ). This value was chosen because these samples came from the same site studied by Edwards et al. (1993) . The uncertainty in the reservoir correction is propagated into the total uncertainty of each measurement (uncorrected F value) to yield the uncertainty in F RC , according to the equation . The σs represent the uncertainties in F RC , F, and RC. ∆ 14 C values were computed from F RC values using the relation
where t is the age BP of the sample in calendar years.
The total uncertainty in ∆ 14 C is σ ∆ and includes errors in F RC and in the 230 Th ages (t), according to the expression . Table 1 gives the results of the 230 Th measurements. Three independent measurements were made at the Minnesota Isotope Laboratory and all of them are internally consistent. Table 2 lists the biannual 14 C results for each growth year and assigns a corresponding calendar age to these, according to the 230 Th results. These data are summarized as 5-yr weighted averages in Table 3 . 2166.2 ± 2.9 123.4 ± 5.5 0.12892 ± 0.00037 142.8 ± 1.7 12,985 ± 45
148.2 ± 1.7 replicate analysis 12,996 ± 129 PNG-96-41.27-11 1383.5 ± 1.8 9.0 ± 2.4 0.13015 ± 0.00035 143.0 ± 1.6 13,115 ± 43 148.4 ± 1.7
Average date of the core top: 13,011 ± 30 (2 σ) Figure 4 . This data also show intra-decadal variability with a small peak in ∆ 14 C at about 13,075 BP. The gross trend in ∆ 14 C shows a modest increase with increasing age over the entire period. a Weighted averages were computed with the formulae of Bevington and Robinson (1992) . b n is the number of individual samples used to compute the weighted average. An interesting feature of these results is the finestructure which can be seen in Figure 6 . Here, we plot a 5-point smoothed curve for all of the data. The smoothed curve shown in the figure shows variability in ∆ 14 C with a frequency on the order of 4 to 10 yr and variable amplitudes of up to 40‰. These variations are similar to those observed in modern corals whose 14 C content has been shown to be related to El Niño-induced fluctuations (Brown et al. 1993; . Such effects are also known to produce oxygen isotopic variations and these have been described from modern corals in Papua New Guinea (Tudhope et al. 2001) . The oxygen isotope record of the Goniastrea favulus sample studied here, and the potential for paleo-El Niño events, is the subject of a parallel study to be discussed elsewhere.
CONCLUSIONS
This study highlights the advantages of analyzing consecutive subannual growth layers of a single coral, which allows annual variations in ∆ 14 C to be identified for the better part of a century. Intradecadal ∆ 14 C variations between 13.0 and 13.1 kyr BP show variations which are similar to those observed in living corals. The time resolution of the sampling provides for the most precise 14 C results available for this period and the internal consistency of the results supports the quoted precision for the measurements. Using individual growth bands, 5-yr average values for the 14 C calibration have been computed here using 10 independent measurements, and the external variance of this population of points determines the precision of the calibrated age. Coral samples of the type examined here are difficult to sample in practice, but their usefulness for calibration purposes warrants further efforts to collect them. 
